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Immunotherapy of Epstein-Barr Virus Associated Malignancies 
Using Mycobacterial HSP70 and LMP2A356-364 Epitope Fusion 
Protein 
 
 
Genyan Liu1, 2, Kun Yao1, 4, Bing Wang1, Yun Chen1, Feng Zhou1, Yidi Guo1, Jian Xu2 and 
Hongzhen Shi3 
 
Epstein-Barr virus infection is strongly associated with a number of malignancies. The EBV latent membrane 
protein 2A has been implicated as one of the most attractive candidates for immunotherapy of related malignancies. 
In previous studies, the T cell epitopes of LMP2A have been identified systematically. However, the epitope-based 
vaccine generally meets inefficient immunogenicity when used in vivo directly, which could be overcome by 
combination with appropriate adjuvants. Heat shock protein is a natural chaperon, which is able to activate the 
classical major histocompatibility complex class I antigen-processing pathway (cross-presentation). In this study, a 
minigene encoding LMP2A356-364 (FLYALALLL) was genetically fused to the carboxy-terminal of mycobacterial 
heat shock protein 70. The epitope fusion protein was expressed and purified, and the cross-presentation of 
LMP2A356-364 by monocyte-derived dendritic cells pulsed with the epitope fusion protein was evaluated. Results 
showed that the epitope fusion protein-pulsed mDCs were much more efficient than the single peptide-pulsed 
mDCs on CTL activation. Immunization of HLA-A2.1 transgenic mice with MtHsp70-LMP2A356-364 generated 
peptide specific CTL more effectively than a single peptide plus incomplete Freund's adjuvant (IFA). Growth of 
LMP2A expressing B16 melanoma tumor cells was suppressed in the vaccinated groups. Our results suggested that 
MtHsp70-LMP2A356-364 fusion protein was more effective than the CD8+ T cell epitope alone on anti-tumor 
immunity. As a result, the MtHsp70-LMP2A356-364 fusion protein is considered to be a promising candidate vaccine 
for EBV related malignancies. Cellular & Molecular Immunology. 2009;6(6):423-431. 
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Introduction 
 
Epstein-Barr virus (EBV) is a ubiquitous gammaherpesvirus 
that infects over 95% of the world’s population and strongly 
associates with a number of malignancies. Nasopharyngeal 
carcinoma (NPC) is the most frequent EBV associated 
malignancy which is pandemic in Southern China and 

Southeast Asia (1). Previous studies have found that LMP2A 
is a promising target antigen in immunotherapy of NPC (2-7). 
Much work has been done to identify the epitopes of LMP2A 
presented by HLA-A2, A11, A23, A24, A25, B27, B60 and 
B63 (8-11). Furthermore, many clinical trials on LMP2A 
epitope based vaccines have been carried out in the past years. 
However, moderate or low responses have been observed in 
human trials and animal model tests (12-15). One reason 
might be the poor immunogenicity of the LMP2A derived 
peptides. On the other hand, LMP2A lacks MHC II- 
restricted epitopes and could not elicit CD4+ T-helper 1 cell 
responses (16-18). Chimeric antigens containing both CD4+ 
and CD8+ T-cell epitopes have been designed to treat 
EBV-positive nasopharyngeal carcinoma, but they cannot 
induce CTL responses, which remains a major obstacle to 
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develop effective vaccine (19).  
Mycobacterium tuberculosis HSP70（MtHsp70） is a 

powerful antigen which is rich in multiple B and T cell 
epitopes. Previous studies indicate that MtHsp70 can be used 
as an adjuvant-free carrier to stimulate the humoral and 
cellular immune response to accompanied proteins or 
synthetic peptides (20, 21). Many studies have demonstrated 
that MtHsp70 accompanied antigens are able to induce 
potential antigen-specific CD8+ T cells with cytolytic and 
cytokine-secreting functions through CD4+ T cell 
independent mode (22, 23). 

To explore whether MtHsp70 can remedy the 
shortcoming of LMP2A in tumor immunotherapy, we 
genetically fused a minigene encoding the cytotoxic T 
lymphocyte (CTL) epitope LMP2A356-364 and linker 
sequences (GSG) to the carboxyl terminal of MtHsp70, 
which was expressed in E. coli. BL21. The immune functions 
of the purified fusion protein were analyzed both in healthy 
EBV carrier donors and HLA-A2.1 transgenic mice. Our 
results indicated that compared to the effect of the CD8+ T 
cell epitope alone, the fusion protein containing LMP2A 
CD8+ T cell epitopes and MtHsp70 enhanced tumor 
immunity, indicating that fusion protein of the MtHsp70 and 
LMP2A antigen epitope was a promising candidate as a 
cancer vaccine. 
 
Materials and Methods  
 
Transgenic mice and cell lines   
C57BL/6-Tg(HLA-A2.1)1Enge/J transgenic homozygous 
mice were purchased from The Jackson Laboratory (strains: 
003475) through National Resource Centre for Mutant Mice 
(Nanjing University, Nanjing 210061, China) and were 
subsequently bred in the specific pathogen free animal centre 
of Nanjing Medical University. All mouse studies were 
approved by Animal Care and Use Committee of Nanjing 
Medical University. 

The B16-F10 melanoma cell line (B16, C57BL/6 origin) 
was presented by Dr. Jun Dou (Southeast University, Nanjing 
210009, China). B16-HLA-A2.1-LMP2A cell (HLA-A2.1+, 
LMP2A+) co-expressing HLA-A2.1 and LMP2A molecules 
was constructed by transfecting B16 cell with plasmid 
pIRES-HLA-A2.1-LMP2A previously. B16 cell was cultured 
in RPMI 1640 (Gibco, USA) supplemented with 10% 
heat-inactivated fetal calf serum (Sijiqing, Hangzhou, China), 
2 mM L-glutamine, 5 mM 2-mercaptoethanol, 100 μg/ml 
penicillin and streptomycin; B16-HLA-A2.1-LMP2A cell 
was cultured in media supplemented with 1000 μg/ml G418 
(Gibco, USA); T2 (HLA-A2.1+, LMP2A-) cell and specific 
peptide-loaded T2 cell, PBMCs and monocyte- derived 
dentritic cells (mDCs) used in this study were described in 
our previous works (8, 24). 
 
Recombinant proteins and peptides 
MtHsp70 recombinant expression vector pET28a-MtHsp70 
was constructed and expressed previously. In brief, the gene 
encoding mycobacterium tuberculosis heat shock protein 70 

(MtHsp70) was amplified from genomic DNA of standard 
strains H37Rv (ATCC, Manassas, VA) by PCR. The PCR 
product (1896 bp) was digested by BamH I and Xho I and 
then cloned into the expressing vector pET-28a(+) (Novagen, 
USA). Then the plasmid pET28a-MtHsp70 was used as 
template, the coding sequence of LMP2A356-364 was ligated to 
the carboxyl-terminus of MtHsp70 with a linker (GSG) 
sequence by extended PCR using the forward primer 5’-GGC 
GGATCC ATG GCT CGT GCG GTC GGG ATC-3’ 
(underline: BamH I site) and the reverse primer 5’-CCG 
CTCGAG TCA CAA CAA GAG TGC GAG AGC ATA 
TAG GAA CCC GGA CCC CTT GGC CTC-3’ (underline, 
Xho I site; bold, LMP2A356-364 coding sequence; Italic: linker 
sequence). The resultant PCR product was sub-cloned into 
the pET28-a(+) expressing vector to yield MtHsp70- 
LMP2A356-364 expression plasmid pET28a-MtHsp70- 
LMP2A356-364 (Figure 1). The recombinant epitope-fusion- 
protein MtHsp70-LMP2A356-364 was expressed in E. coli 
BL21 (DE3) and purified by Ni2+-NTA affinity chromato- 
graphy column (Sigma-Aldrich, Saint Louis, Missouri, USA). 
Contaminated endotoxin of MtHsp70 and MtHsp70- 
LMP2A356-364 preparations was removed by passing through 
Detoxi-Gel Endotoxin Removal Gel (Pierce, Rockford, IL, 
USA) for three times. Endotoxin level was determined by 
quantitative limulus amoebocyte lysate (LAL) assay（Xmhsj, 
Xiamen, China）and controlled containing less than 0.05 
EU/mg.  

LMP2A derived peptide LMP2A356-364 (FLYALALLL) 
was synthesized according to standard F-moc solid phase 
synthesis methods (GenScript, Nanjing, China). Peptide 
purity was determined by analytical reverse-phase HPLC, 
and purity was routinely > 95%. Lyophilized peptides were 
diluted in DMSO and stored at -20 ºC. 
 
Generation LMP2A356-364 epitope specific CTL in vitro 
Autologous mDCs of EBV seropositive and HLA-A2.1 type 
matched normal donors were induced according to previous 
report (25). Cultured for 5 days, mDCs were harvested, 
stimulated with 10 μg/mL MtHsp70-LMP2A356-364, MtHsp70 
and LMP2A356-364 peptide for 4 h, and then washed twice in 
serum-free RPMI 1640. Peripheral blood lymphocytes (2 × 
106) and protein/peptide-pulsed autologous mDCs (2 × 105) 
were co-cultured in 1 mL RPMI 1640 supplemented with 
10% FCS in 24-well plates. The cells were restimulated with 
fresh protein/peptide-pulsed autologous dendritic cells every 
7 days for two times. On day 3 after first stimulation, 20 
IU/ml recombinant human IL-2 (Peprotech, England) was 
supplemented. Media were changed every 3 days with 
half-fresh medium in the presence of recombinant human 
IL-2. On day 7 after the last stimulation, cells were harvested 
and LMP2A356-364 epitope specific cytolytic activity of T 
lymphocytes was measured using two-color fluorescence 
assay as described in our previous work (8). 
 
Mice vaccination and generation of CTL  
HLA-A2.1 transgenic mice, 6 to 10 weeks old, were divided 
into 3 groups (each group containing 5 mice). Group 1 to 
Group 3 were immunized with 200 µg MtHsp70, MtHsp70- 
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LMP2A356-364, 20 µg LMP2A356-364 emulsified in incomplete 
Freund's adjuvant (IFA) respectively. Adjust the vaccinate 
volume to 200 µl/mouse. Mice were subcutaneously 
immunized for three times (days 0, 7, 14). Seven days after 
final immunization, the mice were sacrificed and splenocytes 
were re-suspended at 1 × 106/ml and stimulated with 10 
g/ml MtHsp70, MtHsp70 LMP2A356-364 and LMP2A356-364 

for 5 days respectively. 
 
IFN-γ ELISPOT assay 
Mouse IFN-γ ELISPOT assay was performed in PVDF 
bottomed 96-well plates (Millipore, USA) by using a murine 
IFN-γ ELISPOT kit (eBioscience, USA) according to the 
manufacturer’s instructions. Re-stimulated splenocytes (2.5 × 
105/well) were then added together with the lethally 
irradiated B16-HLA-A2.1-LMP2A and B16 cells (5 × 
104/well) respectively. Positive (5 μg/ml ConA), negative 
(coated without anti-IFN-γ capture antibody) and background 
(culture media) control wells were also conducted. Following 
steps were performed as described anywhere (8, 26). Finally, 
the spots were counted by ImmunoSpot Analyzer (CTL, 
Beijing, China). In this study, the averages of the spots were 
expressed as the number of spot form cells (SFC)/2.5 × 105 

CD8+ T cells. 
 
Cytotoxicity assay  
The CytoTox 96 nonradioactive cytotoxicity assay (Promega, 
USA) was performed to measure the cytotoxic activity of the 
restimulated splenocytes according to the manufacturer’s 

instructions. Briefly, 1 × 105/well B16-HLA-A2.1-LMP2A 
and B16 cells were added to 96-well uncoated plates (Costar, 
USA) as target cells. Re-stimulated splenocytes were added 
at various effector-to-target ratios (E:T = 40:1, 20:1, 10:1, 5:1 
respectively) as effector cells. Control groups of effector cells 
spontaneous LDH release, target cells spontaneous LDH 
release, target cells maximum LDH release, volume 
correction control and culture medium background were 
performed at the same time. The plates were incubated for 4 
hours in a humidified chamber at 37 ºC, 5% CO2, then 
centrifuged at 500 g for 5 min. Aliquots (50 l) were 
transferred from all wells to fresh 96-well flat-bottom plates, 
and an equal volume of reconstituted substrate mix was 
added to each well. The plates were incubated at RT for 30 
min and protected from light. Then 50 ml stop solution was 
added, and the absorbance values were measured at 492 nm. 
The mean percentage of specific lysis in triplicate wells was 
calculated as follows: % Cytotoxicity = (Experimental – 
Effector Spontaneous – Target Spontaneous) / (Target 
Maximum – Target Spontaneous) ×100 
 
Tumor prophylactic assay 
HLA-A2.1 transgenic mice were immunized with the 
appropriate preparations (MtHsp70, MtHsp70-LMP2A356-364 
and IFA-LMP2A356-364) as described above. Following the 
last injection (day 0), mice were inoculated by s.c. injection 
on the right flank with 1 × 106 B16-HLA-A2.1- LMP2A cells. 
Mice were scarified when the tumor grew up to 400 mm2 
according to animal ethics committee. Each group consisted 

 
 

Figure 1. Flowchart of construction of expression vectors of MtHsp70-LMP2A356-364 fusion protein. Plasmid pET28a-MtHsp70 
containing the full gene encoding mycobacterium tuberculosis heat shock protein 70 was carried out as amplify template. Extended PCR with 
reverse primer containing linker sequences and LMP2A356-364 epitope encoding sequences was used to construct the mini gene 
MtHsp70-linker-LMP2A356-364. The PCR product of the mini gene was purified and subcloned into a pET-28a(+) empty vector by Xho and Ⅰ
BamH I restricted enzyme sites. 
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of 5 mice and the experiments were repeated twice.  
 
Tumor therapeutic assay 
HLA-A2.1 transgenic mice were inoculated intradermally 
with 1 × 106 B16-HLA-A2.1-LMP2A cells on the right flank. 
Two weeks after tumor transplant, tumors were palpable (4-5 
mm in diameter) and the mice were randomly divided into 3 
groups (5 mice per group). Each group of mice was 
subcutaneously immunized for three times (days 14, 21, 28) 
with MtHsp70, MtHsp70-LMP2A356-364 and IFA-LMP2A356-364 
respectively as described previously. Tumors were measured 
with calipers and the products of perpendicular diameters 
were recorded. Mice were killed once tumors reached 400 
mm2. All experiments were performed independently at least 
twice with similar results. 
 
Statistical analysis  
Unless noted, data were presented as mean ± SD. ANOVA 
Newman-Keuls Multiple Comparison Test was used for 
statistical analyses to compare the differences among 
multiple groups. The unpaired two-tailed Student’s t-test was 
used to analyze differences between two groups. Differences 
were considered significant for p values less than 0.05. 
Survival analysis was estimated by the Kaplan-Meier method. 
All statistical analyses were performed with the SPSS 13.0 
software. 
 
Results 
 
MtHsp70-LMP2A356-364 expression and purification  
pET28a-MtHsp70-LMP2A356-364 was constructed and 
transformed into E. coli BL21(DE3) strain. Expression of 
MtHsp70-LMP2A356-364 was induced at cell exponential 

phase with 0.4 mM isopropyl--d-thiogalactoside (IPTG) and 
cell growth continued for another 4 h at 37ºC before 
harvesting. The 70 kd overproduced soluble fusion protein 
MtHsp70-LMP2A356-364 was purified by Ni2+-NTA affinity 
chromatography columns (Figure 2). The purified protein 
was passed through the Detoxi-Gel Endotoxin Removal Gel 
for three times in order to remove contaminated endotoxin. 
Approximately 10 mg endotoxin free (0.042 EU/mg) 
MtHsp70-LMP2A356-364 was recovered with one liter of 
initial bacterial broth. The endotoxin level of Endotoxin 
Removal Gel treated MtHsp70 and MtHsp70-LMP2A356-364 
was 0.038 and 0.042 EU/mg respectively (Data of MtHsp70 
expression and purification not shown), while untreated 
MtHsp70 and MtHsp70-LMP2A356-364 were 0.431 and 0.571 
EU/mg respectively. 

MtHsp70-
LMP2A356-364 

kD M 1 2 3

 
 
Figure 2. SDS-PAGE analysis for the expression and 
purification of MtHsp70-LMP2A356-364 epitope fusion protein.
Lane M, Pre-stained protein molecular ladder; Lane 1, pET28a-
MtHsp70-LMP2A356-364/BL21(DE3) cultured at 37ºC for 4 h 
without IPTG induction (control); Lane 2, pET28a-MtHsp70-
LMP2A356-364/BL21(DE3) cultured in 37ºC for 4 h with 0.4 mmol/L 
IPTG induced expression; Lane 3, MtHsp70-LMP2A356-364

preparations purified with Ni2+-NTA His Bind Resin affinity 
column. 
 
 
 

 
 
Figure 3. Fusion protein MtHsp70-LMP2A356-364 elicited
LMP2A356-364 specific cytotoxicity in vitro. LMP2A356-364 synthetic 
peptide-pulsed T2 cells (A) and naïve T2 cells (B) were used as 
target cells. PBMCs stimulated by autologous mDCs pulsed with 
MtHsp70-LMP2A356-364 fusion protein, LMP2A356-364 synthetic 
peptide and MtHsp70 were used as effect cells. The E:T ratios were 
5:1, 10:1, 20:1 and 40:1 for each group. The data represent the 
means and standard errors of three separate health donors. 
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MtHsp70-LMP2A356-364 elicited LMP2A356-364 specific cytolytic 
activity in health donors  
Epitope specific cytotoxiciy assay was carried out to 
determine whether the recombinant fusion protein MtHsp70- 
LMP2A356-364 was able to induce a specific T lymphocyte 
response. According to the results shown in Figure 3, the 
CTLs induced by MtHsp70-LMP2A356-364 were able to lyse 
the LMP2A356-364 peptide-pulsed T2 cells but failed to lyse 
the naïve T2 cells. Moreover, CTLs induced by MtHsp70- 
LMP2A356-364 demonstrated much stronger (p = 0.003) 
cytotoxicity than CTLs induced by LMP2A356-364 peptide. 
The CTLs elicited by MtHsp70 showed specific cytolytic 
activity to neither LMP2A356-364 peptide-pulsed T2 cells nor 
naïve T2 cells. 
 
MtHsp70-LMP2A356-364 elicited LMP2A specific IFN-γ 
secretion and cytotoxicity of CTLs in transgenic mice  
To determine the effects of the recombinant fusion protein 
MtHsp70-LMP2A356-364 on CTLs, HLA-A2.1 transgenic mice 
were immunized with MtHsp70-LMP2A356-364, MtHsp70 and 

LMP2A356-364 peptide. CTLs of HLA-A2.1 transgenic mice 
were isolated and re-stimulated with the lethally irradiated 
B16-HLA-A2.1-LMP2A and B16 cells (5 × 104/well) 
respectively.  

LMP2A expressing tumor cells B16-HLA-A2.1-LMP2A, 
but not B16 cells were able to induce IFN-γ secretion of the 
CTLs from HLA-A2.1 transgenic mice (Figure 4). Moreover, 
in B16-HLA-A2.1-LMP2A stimulation group, CTLs 
sensitized by MtHsp70-LMP2A356-364 demonstrated the 
highest level of IFN-γ secretion, which was significantly 
higher than LMP2A356-364 and MtHsp70 according to IFN-γ 
ELISPOT assay (Figure 4A). 

To learn the cytolytic activity of CTLs, a non-radioactive 
cytotoxicity assay was performed with the target cells 
B16-HLA-A2.1-LMP2A (Figure 5A) and B16 (Figure 5B). 
CTLs isolated from HLA-A2.1 transgenic mice demonstrated 
strong cytotoxicity to B16-HLA-A2.1-LMP2A cells, while 
no obvious specific cytotoxicity was observed on B16 target 
cells (Figure 5). In the cytotoxicity assay system CTL: B16- 
HLA-A2.1-LMP2A (E:T), CTLs of MtHsp70-LMP2A356-364 

 
 
Figure 4. Increased IFN-γ production of CTLs in HLA-A2.1 transgenic mice immunized with MtHsp70-LMP2A356-364. HLA-A2.1 
transgenic mice were immunized with MtHsp70, MtHsp70-LMP2A356-364 and IFA+LMP2A356-364 respectively. IFN-γ ELISPOT assay was
carried out according to the protocol. The spots were counted by ImmunoSpot Analyzer. Results were demonstrated as the number of 
spot-forming cells (SFC) per 2.5 × 105 CTL. (A) Restimulated splenocytes (2.5 × 105 cells/well) were added together with the lethally 
irradiated (50 Gy) B16-HLA-A2.1-LMP2A (5 × 104 cells/well). (B) Restimulated splenocytes (2.5 × 105 cells/well) were added together with 
the lethally irradiated (50 Gy) B16 cells (5 × 104 cells/well) (n = 5). 
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immunization group demonstrated a significantly stronger 
cytotoxicity than IFA-LMP2A356-364 group. As a negative 
control, MtHsp70 demonstrated no immunogenicity in 
eliciting LMP2A specific CTL response (Figure 5A).  
 
MtHsp70-LMP2A356-364 induced anti-tumor immunity   
In vivo anti-tumor immunity was assessed in HLA-A2.1 
transgenic mice with B16-HLA-A2.1-LMP2A challenge. 
Compared with MtHsp70 immunization group, mice 
immunized with MtHsp70-LMP2A356-364 or IFA-LMP2A356-364 

showed significant tumor growth inhibitory effects, and the 
inhibitory effect of MtHsp70-LMP2A356-364 was stronger than 
IFA-LMP2A356-364 (Figure 6), indicating that LMP2A was 
able to induce a significant anti-tumor immunity, which was 
promoted by MtHsp70.  

In mice survival analysis, 60% of mice in MtHsp70- 
LMP2A356-364 immunization group survived for over 60 days 
after B16-HLA-A2.1-LMP2A tumor challenge, 60% mice in 
IFA-LMP2A356-364 immunization group died within 60 days, 
and all mice in MtHsp70 immunization group died within 44 
days (Figure 7). These results indicated that fusion protein 

MtHsp70-LMP2A356-364 was able to induce an anti-tumor 
immunity against LMP2A expressing tumor cells in vivo. 
 
Discussion 
 
EBV associated malignancies such as NPC and Hodgkin’s 
lymphoma cells usually express EBNA-1, LMP1, and LMP2. 
LMP1 is not a dominant immunogenic protein and LMP1- 
specific CTLs are uncommon. EBNA-1 is rich in glycine- 
alanine repeat region that prevents proteosome-dependent 
degradation and HLA class I mediated peptide presentation. 
EBNA-1 specific CTLs cannot lyse the EBV associated 
tumor cells effectively. LMP2A specific CTLs are a 
subdominant population of CTLs elicited by EBV infection 
in vivo, so LMP2A is an ideal target antigen for immuno- 
therapy of EBV associated malignancies (27-30). Owing to 
the advantages of peptide-based vaccine, many studies have 
focused on LMP2A epitope-based vaccines and a lot of HLA 
restricted T cell epitopes of LMP2A have been identified (8, 
10, 31-33). Moreover, there is a growing emphasis on 
enhancing the immunogenicity of peptide-based vaccine, 
such as development of effective human adjuvants and 
peptide vaccine delivery systems (34). Previous clinical trials 

 
 
Figure 5. Cytotoxicity assay of CTL elicit in HLA-A2.1 
transgenic mice. B16-HLA-A2.1-LMP2A (A) and B16 (B) cells 
were set as target cells (1 × 105/well). Restimulated splenocytes 
were added at various effector-to-target ratios (E:T = 40:1, 20:1, 
10:1, 5:1 respectively) as effector cells. Cytotoxicity assay of CTL 
was performed with the CytoTox 96 non-radioactive method. The
results from three independent experiments were shown as mean ± 
SD.  
 
 
 

 
Figure 6. Pre-immunization with recombinant MtHsp70-
LMP2A356-364 fusion protein inhibited B16-HLA-A2.1-LMP2A 
growth. HLA-A2.1 transgenic mice were immunized sub-
cutaneously with MtHsp70, IFA-LMP2A356-364, and MtHsp70-
LMP2A356-364. After the final immunization, mice were challenged 
subcutaneously with 1 × 106 B16-HLA-A2.1-LMP2A tumor cells to 
the right flank area. Tumor size was monitored every 4 days. Each 
group contained 5 mice and the experience repeated at least twice. 
(A) Flowchart of pre-immunization and tumor challenge. (B) Tumor 
growth curves of each group. Data refer to the tumors size with 
mean ± SD per group. 
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and animal experiments have used oil-emulsion-type 
adjuvant, but this traditional adjuvant has shown serious side 
effects (12, 15). Here we have produced a fusion protein 
containing a conserved LMP2A epitope and the MtHsp70, 
which offers a strategy to elicit the anti-tumor immunity of 
specific CTLs. This study has shown that immunization with 
the MtHsp70-LMP2A356-364 epitope fusion protein in the 
absence of adjuvant is capable of providing stronger 
protection to HLA-A2.1 transgenic mice against challenge 
with B16-HLA-A2.1-LMP2A cells than that of 
IFA-LMP2A356-364. It should be a new deliver system for 
epitope-based vaccine.  

Heat shock proteins (HSP) derived from cancer cells and 
virus-infected cells are able to elicit tumor-specific or 
virus-specific immunity (35). Several clinical trials in 
different tumor types have been conducted using this 
vaccination strategy. Gp96 is an autologous tumor-derived 
heat shock protein, a recent phase III clinical trial has 
demonstrated that gp96 peptide complex vaccine is partially 
effective in curing M1a and M1b melanoma patients (36). 
Our study indicates that LMP2A epitope covalently 
conjugated to the carboxyl terminal of MtHsp70 shows 
immunological activity in vitro and in vivo. It has two 
advantages compared with traditional HSP-based vaccines. 
First, recombinant HSP-epitope fusion protein eliminates the 
quantity limitation of autologous tumor-derived HSP-peptide 

complex, especially in Hodgkin’s lymphoma and NPC. 
Surgery is seldom selected in treating these malignancies and 
few self tumor tissues are available to extract autologous 
tumor-derived HSP-peptide complex (37). Second, a 
recombinant exogenous heat shock protein, which replaces 
autologous heat shock protein, also acts as a Th1 polarizing 
adjuvant, which makes HSP-based vaccines more 
economical and feasible.  

Tumor specific CD4+ and CD8+ T cells have been 
considered as critical components in anti-tumor immunity. A 
successful tumor immunotherapy strategy includes induction 
of both CD4+ and CD8+ T cell immune responses against 
tumor cells (16, 38). Human CD4+ T-helper 1 cell responses 
to Epstein-Barr virus (EBV) infection are also important in 
the maintenance of virus-specific memory CD8+ T cells and 
antiviral effectors. However, among EBV latent-cycle 
proteins, CD4+ T responses to LMP2A epitopes are much 
less frequent than EBNA1 and LMP1 (18). Previous studies 
have demonstrated that MtHsp70 accompanied antigens can 
induce potential antigen-specific CD8+ T cells with cytolytic 
and cytokine-secreting functions through CD4+ T cell 
independent modes (21, 23, 39-42). In this study, we 
conjugated a conserved LMP2A HLA-A2.1 restricted epitope 
LMP2A356-364 to MtHsp70, which not only induces 
LMP2A356-364 specific immune recognition in vitro, but also 
elicits LMP2A specific CTL in vivo. These results indicate 
that the fusion protein can be successfully processed and 
cross-presented by antigen present cell both in vitro and in 
vivo.  

In summary, our studies show that adjuvant free 
immunization of HLA-A2.1 transgenic mice with an 
MtHsp70-LMP2A356-364 epitope fusion protein is effective in 
the prophylaxis and therapy of an LMP2A expressing 
malignancies. Mice immunized with the MtHsp70- 
LMP2A356-364 fusion protein are superior to the traditional 
IFA adjuvant synthetic peptides in survival rate analysis. All 
of these indicate that MtHsp70 and LMP2A reconstituted 
epitope fusion protein may be a new strategy to enhance the 
potency of LMP2A epitope based vaccine in related tumor 
immunotherapy. 
 
Acknowledgements 
 
This work was funded by the National Natural Science 
Foundation of China (No.30170880 and No.30571715), 
Science Committee Foundation of Jiangsu Province 
(No.BJ98100) and Project of Key Laboratory of Laboratory 
Diagnosis of Jiangsu Province (No. XK200731). 
 
References 
 

1. Young LS, Rickinson AB. Epstein-Barr virus: 40 years on. Nat 
Rev Cancer. 2004;4:757-768. 

2. Oudejans JJ, Jiwa M, van den Brule AJ, et al. Detection of 
heterogeneous Epstein-Barr virus gene expression patterns 
within individual post-transplantation lymphoproliferative 
disorders. Am J Pathol. 1995;147:923-933. 

 
Figure 7. Therapeutic immunization with the MtHsp70-
LMP2A356-364 fusion protein leads to long-term survival after 
B16-HLA-A2.1-LMP2A tumor challenge. HLA-A2.1 transgenic 
mice (6-8 week) were divided into three groups (n = 5). Each mouse 
was injected subcutaneously with 1 × 106 B16-HLA-A2.1-LMP2A 
tumor cells in the right flank area. (A) Therapeutic vaccinations 
program. (B) Survival mice of each group were documented every 4 
days after B16-HLA-A2.1-LMP2A tumor challenge. 
 
 
 



430                                                          MtHsp70-LMP2A356-364 Fusion Protein Immunotherapy Related Malignancies 

Volume 6  Number 6  December 2009 

3. Su Z, Peluso MV, Raffegerst SH, Schendel DJ, Roskrow MA. 
The generation of LMP2a-specific cytotoxic T lymphocytes for 
the treatment of patients with Epstein-Barr virus-positive 
Hodgkin disease. Eur J Immunol. 2001;31:947-958. 

4. Subklewe M. Dendritic cells for the induction of EBV immunity. 
Recent Results Cancer Res. 2002;159:38-43. 

5. Chen Y, Yao K, Wang B, Qing J, Liu G. Potent dendritic cell 
vaccine loaded with latent membrane protein 2A (LMP2A). Cell 
Mol Immunol. 2008;5:365-372. 

6. Sun H, Yao K, Chen Y, Zhou F. Induction of T-cell immunity 
against Epstein-Barr virus-associated tumors by means of 
adenovirally transduced dendritic cells. Chin Med J (Engl). 
2004;117:1558-1563. 

7. Xu JJ, Yao K, Yu CJ, et al. Anti-tumor immunity against naso- 
pharyngeal carcinoma by means of LMP2A-specific cytotoxic T 
lymphocytes induced by dendritic cells. Auris Nasus Larynx. 
2006;33:441-446. 

8. Wang B, Yao K, Liu G, Xie F, Zhou F, Chen Y. Computational 
prediction and identification of Epstein-Barr virus latent 
membrane protein 2A antigen-specific CD8+ T-cell epitopes. 
Cell Mol Immunol. 2009;6:97-103. 

9. Lautscham G, Haigh T, Mayrhofer S, et al. Identification of a 
TAP-independent, immunoproteasome-dependent CD8+ T-cell 
epitope in Epstein-Barr virus latent membrane protein 2. J Virol. 
2003;77:2757-2761. 

10. Lee SP, Thomas WA, Murray RJ, et al. HLA A2.1-restricted 
cytotoxic T cells recognizing a range of Epstein-Barr virus 
isolates through a defined epitope in latent membrane protein 
LMP2. J Virol. 1993;67:7428-7435. 

11. Mosialos G, Hanissian SH, Jawahar S, Vara L, Kieff E, Chatila 
TA. A Ca2+/calmodulin-dependent protein kinase, CaM 
kinase-Gr, expressed after transformation of primary human B 
lymphocytes by Epstein-Barr virus (EBV) is induced by the 
EBV oncogene LMP1. J Virol. 1994;68:1697-1705. 

12. Straathof KCM, Bollard CM, Popat U, et al. Treatment of 
nasopharyngeal carcinoma with Epstein-Barr virus-specific T 
lymphocytes. Blood. 2005;105:1898-1904. 

13. Bharadwaj M, Sherritt M, Khanna R, Moss DJ. Contrasting 
Epstein-Barr virus-specific cytotoxic T cell responses to HLA 
A2-restricted epitopes in humans and HLA transgenic mice: 
implications for vaccine design. Vaccine. 2001;19:3769-3777. 

14. Lin C-L, Lo W-F, Lee T-H, et al. Immunization with Epstein- 
Barr virus (EBV) peptide-pulsed dendritic cells induces 
functional CD8+ T-cell immunity and may lead to tumor 
regression in patients with EBV-positive nasopharyngeal 
carcinoma. Cancer Res. 2002;62:6952-6958. 

15. Elliott SL, Suhrbier A, Miles JJ, et al. Phase I trial of a CD8+ 
T-cell peptide epitope-based vaccine for infectious 
mononucleosis. J Virol. 2008;82:1448-1457. 

16. Wang RF. The role of MHC class II-restricted tumor antigens 
and CD4+ T cells in antitumor immunity. Trends Immunol. 
2001;22:269-276. 

17. Haigh TA, Lin X, Jia H, et al. EBV latent membrane proteins 
(LMPs) 1 and 2 as immunotherapeutic targets: LMP-specific 
CD4+ cytotoxic T cell recognition of EBV-transformed B cell 
lines. J Immunol. 2008;180:1643-1654. 

18. Leen A, Meij P, Redchenko I, et al. Differential immunogenicity 
of epstein-barr virus latent-cycle proteins for human CD4+ 
T-helper 1 responses. J Virol. 2001;75:8649-8659. 

19. Taylor GS, Haigh TA, Gudgeon NH, et al. Dual stimulation of 
epstein-barr Virus (EBV)-specific CD4+- and CD8+-T-cell 
responses by a chimeric antigen construct: potential therapeutic 
vaccine for EBV-positive nasopharyngeal carcinoma. J Virol. 
2004;78:768-778. 

20. Ye J, Chen GS, Song HP, et al. Heat shock protein 70 / MAGE-1 
tumor vaccine can enhance the potency of MAGE-1-specific 
cellular immune responses in vivo. Cancer Immunol 
Immunother. 2004;53:825-834. 

21. Suzue K, Zhou X, Eisen HN, Young RA. Heat shock fusion 
proteins as vehicles for antigen delivery into the major 
histocompatibility complex class I presentation pathway. Proc 
Natl Acad Sci U S A. 1997;94:13146-13151. 

22. Liu H, Wu BH, Rowse GJ, Emtage PCR. Induction of 
CD4-Independent e7-specific CD8+ memory response by heat 
shock fusion protein. Clin Vaccine Immunol. 2007;14:1013- 
1023. 

23. Huang Q, Richmond JF, Suzue K, Eisen HN, Young RA. In vivo 
cytotoxic T lymphocyte elicitation by mycobacterial heat shock 
protein 70 fusion proteins maps to a discrete domain and is 
CD4+ T cell independent. J Exp Med. 2000;191:403-408. 

24. Chen Y, Yao K, Wang B, Qing J, Liu GY. Potent dendritic cell 
vaccine loaded with latent membrane protein 2A (LMP2A). Cell 
Mol Immunol. 2008;5:365-372. 

25. Berger TG, Feuerstein B, Strasser E, et al. Large-scale 
generation of mature monocyte-derived dendritic cells for 
clinical application in cell factories. J Immunol Methods. 2002; 
268:131-140. 

26. Mizukami S, Kajiwara C, Ishikawa H, Katayama I, Yui K, 
Udono H. Both CD4+ and CD8+ T cell epitopes fused to heat 
shock cognate protein 70 (hsc70) can function to eradicate 
tumors. Cancer Sci. 2008;99:1008-1015. 

27. Brooks L, Yao QY, Rickinson AB, Young LS. Epstein-Barr virus 
latent gene transcription in nasopharyngeal carcinoma cells: 
coexpression of EBNA1, LMP1, and LMP2 transcripts. J Virol. 
1992;66:2689-2697. 

28. Rickinson AB, Moss DJ. Human cytotoxic T lymphocyte 
responses to Epstein-Barr virus infection. Annu Rev Immunol. 
1997;15:405-431. 

29. Hislop AD, Taylor GS, Sauce D, Rickinson AB. Cellular 
responses to viral infection in humans: lessons from Epstein- 
Barr virus. Annu Rev Immunol. 2007;25:587-617. 

30. Thompson MP, Kurzrock R. Epstein-Barr virus and cancer. Clin 
Cancer Res. 2004;10:803-821. 

31. Straathof KC, Leen AM, Buza EL, et al. Characterization of 
latent membrane protein 2 specificity in CTL lines from patients 
with EBV-positive nasopharyngeal carcinoma and lymphoma. J 
Immunol. 2005;175:4137-4147. 

32. Kuzushima K, Hayashi N, Kudoh A, et al. Tetramer-assisted 
identification and characterization of epitopes recognized by 
HLA A*2402-restricted Epstein-Barr virus-specific CD8+ T 
cells. Blood. 2003;101:1460-1468. 

33. Meij P, Leen A, Rickinson AB, et al. Identification and 
prevalence of CD8+ T-cell responses directed against 
Epstein-Barr virus-encoded latent membrane protein 1 and 
latent membrane protein 2. Int J Cancer. 2002;99:93-99. 

34. Purcell AW, McCluskey J, Rossjohn J. More than one reason to 
rethink the use of peptides in vaccine design. Nat Rev Drug 
Discov. 2007;6:404-414. 

35. Tamura Y, Peng P, Liu K, Daou M, Srivastava PK. 
Immunotherapy of tumors with autologous tumor-derived heat 
shock protein preparations. Science. 1997;278:117-120. 

36. Testori A, Richards J, Whitman E, et al. Phase III comparison of 
vitespen, an autologous tumor-derived heat shock protein gp96 
peptide complex vaccine, with physician's choice of treatment 
for stage IV melanoma: the C-100-21 Study Group. J Clin 
Oncol. 2008;26:955-962. 

37. Wei WI, Sham JS. Nasopharyngeal carcinoma. Lancet. 
2005;365:2041-2054. 



Cellular & Molecular Immunology                                                                                   431 

Volume 6  Number 6  December 2009 

38. Zajac AJ, Murali-Krishna K, Blattman JN, Ahmed R. 
Therapeutic vaccination against chronic viral infection: the 
importance of cooperation between CD4+ and CD8+ T cells. 
Curr Opin Immunol. 1998;10:444-449. 

39. Suzue K, Young RA. Adjuvant-free hsp70 fusion protein system 
elicits humoral and cellular immune responses to HIV-1 p24. J 
Immunol. 1996;156:873-879. 

40. Cho BK, Palliser D, Guillen E, et al. A proposed mechanism for 
the induction of cytotoxic T lymphocyte production by heat 

shock fusion proteins. Immunity. 2000;12:263-272. 
41. Udono H, Yamano T, Kawabata Y, Ueda M, Yui K. Generation 

of cytotoxic T lymphocytes by MHC class I ligands fused to 
heat shock cognate protein 70. Int Immunol. 2001;13: 
1233-1242. 

42. More S, Breloer M, Fleischer B, von Bonin A. Activation of 
cytotoxic T cells in vitro by recombinant gp96 fusion proteins 
irrespective of the 'fused' antigenic peptide sequence. Immunol 
Lett. 1999;69:275-282. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


